Backgroud: microRNAs (miRNAs) are involved in cancer-related processes. The miRNA-125b (miR-125b) has been identified as miRNA over-expressed in a wide variety of cancers. However, the role of miR-125b in the context of cervical carcinoma remains unknown. Methods: In this study, the effect of miR-125b on the proliferation and apoptosis of human cervical cells was analyzed by MTT assay and Flow cytometry analysis. we identified phosphoinositide 3-kinase catalytic subunit delta (PIK3CD) as a novel miR-125b target. Results: overexpression of miR125b in HeLa cervical cancer cells decreased cell proliferation, induced apoptosis and downregulated expression of PIK3CD. To identify the mechanisms responsible, we investigated the PI3K/Akt pathway and found that PI3K, phospho-Akt, and phospho-mTOR were all downregulated, while Bid was up-regulated in miR-125b-overexpressing subclones. In vivo, over expression of miR-125b in HeLa cells markedly reduced their ability to form tumors. Conclusion: these results suggest that miR-125b suppresses tumor growth activity by targeting the PI3K/ Akt/mTOR signal-ing pathway, and may provide a target for effective therapies.
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Introduction
Cervical cancer is a major problem worldwide and a leading cause of cancer death in women. Most cervical cancer patients receive standard radiotherapy and chemotherapy. However, clinical outcomes vary dramatically and are difficult to predict. It was estimated that there would be about 13,570 new cases of cervical cancer in the United States in 2011, and 4,650 related deaths (statistics provided by the American Cancer Society). It is therefore vital to find new, effective treatment approaches to reduce mortality and extend patient survival.
MicroRNAs (miRNAs) are a family of small non-coding RNA molecules that downregulate the expression of their protein-coding target genes [1] . These RNAs are 19-25 nucleotides (nt) long and are cleaved from 70-100-nt hairpin pre-miRNA precursors. miRNAs are considered to be master regulators of many important biological processes, including apoptosis, cell growth, viral infection and cancer development [2] [3] [4] [5] . However, despite numerous studies, the role of miRNAs in cervical cancer remains poorly understood [6] [7] [8] [9] [10] [11] [12] , and few studies have attempted a full characterization of the complex relationships between miRNAs and their target mRNAs in cervical malignant transformation [13] [14] [15] [16] [17] [18] [19] .
miRNA-125b confers temozolomide resistance to human glioblastoma stem cells through the mitochondrial pathway of apoptosis [19] . Wilting et al. found that altered expression levels of five significantly differentially-expressed miRNAs, hsa-miR-9 (1q23.2), hsa-miR-15b (3q25.32), hsa-miR-28-5p (3q27.3), hsa-miR-100 and hsa-miR-125b (both 11q24.1), were directly linked to common chromosomal alterations [13, 20] , while Zhao et al. found that miR-125b acted as a tumor suppressor in hepatic tumor development by targeting Bcl-2 and inducing cancer cell apoptosis [13] . These findings suggest that miR125b may also be associated with cervical cancer progression through the regulation of PIK3CD expression. The phosphoinositide 3-kinase PI3K/Akt/mTOR pathway is known to be associated with cell proliferation and apoptosis. Previous studies have indicated that overexpression of miR-7 inhibits the Akt pathway in hepatocellular carcinoma (HCC) [21] . We therefore investigated the ability of miR-125b to regulate cervical cancer growth and apoptosis through interactions with the PI3K/Akt/mTOR pathway.
The PI3K catalytic subunit delta (PIK3CD) participates in regulating the PI3K pathway and is also involved in the development and progression of HCC [22] , breast cancers [23] and glioma cells [24] . However, its role in cervical carcinogenesis remains unknown.
In the present study, we therefore tested the hypothesis that miR-125b could inhibit tumor growth and promote apoptosis of cervical cancer by interacting with the PI3K/Akt/ mTOR pathway and by targeted regulation of PIK3CD expression.
Materials and Methods
Cell transfection and miRNA transfection HeLa cells were acquired from the American Type Culture Collection and cultured in Dulbecco's Modified Eagle's Medium (Gibco) supplemented with 10% fetal bovine serum, 100 units/ml penicillin, 100 μg/ml streptomycin, 2 mM glutamine, and 0.1 mM non-essential amino acids solution at 37°C in a humidified chamber supplemented with 5% CO2. MiRNAs and constructed vectors were transfected using Lipofectamine 2000 (Invitrogen) according to the manufacture's instruction. The miR-125b mimic and a nonspecific miR control were all purchased from Sigma Company.
Cell proliferation assay
For cell proliferation assays, HeLa cells were seeded in 96-well plates at 7000 cells/well and transfected with negative control (50nM) or miR-125b precursor (50nM). Cell growth was measured at indicated times using the Cell Titer 96 Non-Radio-active Cell Proliferation Assay (Promega). 
Cellular Physiology and Biochemistry
Colony-formation assay HeLa cells were transfected with negative control (50 nM) or miR-125b precursor (50 nM) in 6-well plates at a density of 2×10 6 cells/well. Cells were subsequently trypsinized after 24 h, and seeded in 5-cm culture dishes (1000 cells/well) to form colonies. After 10 days, colonies were fixed in 4% paraformaldehyde and stained in 0.1% crystal violet solution.
Con truction of the miR-125b Expression Vector
Oligonucleotides for the preparation of the miR-125b duplexes were ordered from Integrated DNA Technologies (IDT, Coral-ville, IA). The following sequences of oligonucleotides were used: miR-125b forward/HindIII, 5'-GGCAAGCTTAACATTGTTGCGCTCCTCTCA-3'; miR-125b reverse/Bam HI, 5' -TATGGATCCTTCCAGGATGCAAAAGCACGA-3'. After being double digested with HindIII and BamHI, the PCR product was cloned into pSilencer 4.1-U6 neo vector (Ambion,Austin, TX). The resulting vector was named pSilencer/miR-125b. Expression of miR-125b was detected by qRT-PCR analysis after 48 h from transfection miR-125b and Neg-control plasmid into Hela for 48 h.
Detection of apoptosis by flow cytometry (FCM)
Negative control and miR-125b precursor cells were trypsinized, collected, washed and then stained with annexin V-fluorescein isothiocyanate (BD Pharmingen) and propidium iodide (PI, Sigma) for 10 min at 4°C, according to the manufacturer's protocol. Apoptotic cells were determined by FCM analysis (FACScan; Becton-Dickinson).
Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNAs were extracted from cultured cells using TRIzol reagent, and reverse-transcribed into cDNA with SuperScript II reserve transcriptase (Invitrogen, Carlsbad, CA, USA). In brief, RT reactions were performed using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems). For RT-PCR, the primer sequences of various genes were demen-strated as follows: GAPDH: 5' -AAGGTCGGAGTCAACGGATT-3', and 5'-CTGGAAGATGGTGATGGGATT-3'; PIK3CD: 5'-TCTGCTAGCACATTGGTCCTAAAGGGGCT-3' and 5'-GGTGATATCGTTTCCCTTCGCAGATGTGT-3'. Each RT reaction included 150 ng RNA as the template and a pool of RT primers. Real-time PCR was performed with Power SYBR Green PCR Master Mix (Applied Biosystems). All reactions were run in triplicate. All experiments were repeated three times.
Luciferase assay
HeLa cells were seeded in 24-well plates (6×10 4 /well). After 24 h, cells were co-transfected with pGL3 vector containing the 3'UTR fragment or 3'UTRmut fragment of PIK3CD, Renilla vector (pRL-TK) and pcDNA6.2-miR-125b or pcDNA6.2-miR-Neg. Luciferase activities were measured 48 h post-transfection using the Dual-Luciferase Reporter Assay System (Promega). Luciferase activity was normalized to Renilla luciferase expression for each sample.
Western blotting analysis
Cells were lysed with RIPA lysis buffer. Proteins were separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis, and transferred to polyvinylidene difluoride membranes (Millipore, Bedford, MA, USA). Blots were blocked and then probed with antibodies against PI3K (1:500 dilution; Santa Cruz Biotechnology, Santa Cruz, CA, USA), phospho-Akt (Ser473; 1:400 dilution; Santa Cruz Biotechnology), Akt (1:1000 dilution; Santa Cruz Biotechnology), phospho-mTOR (1:500 dilution; Cell Signaling Technology Inc., Beverly, MA, USA), mTOR (1:1000 dilution; Santa Cruz Biotechnology), Bid (1:500 dilution; Cell Signaling Technology Inc., Beverly, MA, USA). After washing, the blots were incubated with horseradish peroxidase-conjugated secondary antibodies and visualized using super enhanced chemiluminescence detection reagent (Amersham Biosciences, Piscataway, NJ, USA).
Tumorigenicity assay in nude mice
Athymic BALB/c nude mice (4-6 weeks old, 18-22 g body weight) were randomly assigned to one of two groups (8 mice per group). HeLa/miR-125b and HeLa/Neg-Ctrl cells were trypsinized and resuspended at final concentrations of 2×10 6 cells/0.1 ml in phosphate-buffered saline. Cells were injected subcutaneously into the right flanks of nude mice. Mice were sacrificed 3 weeks later for evaluation. Tumor
Results

Overexpression of miR-125b suppressed proliferation and induced apoptosis of HeLa cells in vitro
Cell proliferation was significantly suppressed in HeLa cells transfected with miR-125b, compared to the negative control group (Fig. 1A) . We also examined the effect of miR-125b on colony formation. HeLa cells transfected with miR-125b produced significantly fewer colonies (about 80% fewer) than negative control cells (Fig. 1B and 1C) .
To investigate the effect of miR-125b overexpression on apoptosis of HeLa cells, apoptotic cell death was assessed using an FCM-based Annexin V and PI binding assay. FCM analysis revealed apoptotic rates of 2.22% ± 0.45%, and 17.67% ± 3.2% in the negative control and miR-125b-overexpressing groups, respectively (P < 0.001; Fig. 1D ). Together, these results indicated that the inhibition of cell growth by miR-125b was associated with increased apoptosis. 
PIK3CD is a target of miR-125b
miRNAs can regulate mRNA stability and the translation of target mRNAs at the posttranscriptional level [25] . Using TargetScan [26] , we identified PIK3CD (3'UTR region to nucleotide positions 487-493) as a likely target of miR-125b. To further support the hypothesis that miR-125b regulates PIK3CD expression, we investigated endogenous PIK3CD mRNA and protein expression levels in HeLa cells transfected with miR-125b, using quantitative RT-PCR and Western blotting. The expression levels of miR-125b in HeLa cells, HeLa/ miR-125b and HeLa/Neg-Ctrl, were verified by quantitative RT-PCR ((P < 0.01; Fig.  2A ). Overexpression of miR-125b in HeLa cells resulted in significant reductions of PIK3CD mRNA and protein levels, compared to HeLa/Neg-Ctrl cells (P < 0.05; Fig. 2B ).
To investigate if the 3'UTR of PIK3CD acts as functional target of miR-125b, we performed an in vitro target reporter assay on HeLa cells expressing low levels of endogenous miR-125b. The 3'UTR of PIK3CD mRNA including the miR-125b putative binding site, or the mutant form in which the putative miR-125b binding site was mutated, was cloned downstream of the luciferase reporter gene (PIK3CD-3'UTR and PIK3CD-3'UTRmut). The specific interaction between miR-125b and PIK3CD is shown in Figure 2C . Transfection of either PIK3CD-3'UTR or PIK3CD-3'UTRmut alone into HeLa cells significantly inhibited the luciferase activities because of the function of endogenous miR-125b. However, co-transfection of the miR-125b expression vector with the wild-type PIK3CD-3'UTR reporter construct (PIK3CD-3'UTR), but not PIK3CD-3'UTRmut, resulted in a significant reduction in luciferase activity compared to the negative control group (P < 0.05; Fig. 2D ). No significant differences in luciferase activities were found between the vehicle control and negative control groups. These results demonstrated that miR-125b directly and specifically interacted with PIK3CD mRNA and promoted PIK3CD protein silencing mostly through a post-transcriptional repression mechanism.
miR-125b regulated PI3K/Akt/ mTOR pathway
The protein expression levels of PI3K, total-Akt, phospho-Akt (p-Akt), mTOR (p-mTOR) were examined in negative control and miR-125b-overexpressing cells. Immunoblot analysis showed that overexpression of endogenous miR-125b significantly reduced the levels of PI3K, phospho-Akt, and phospho-mTOR, whereas the pro-apoptotic protein Bid was elevated in miR-125b-overexpressing cells (Fig. 3) .
miR-125b inhibited tumor growth of HeLa cells in vivo
Given the suppression of HeLa-cell viability by miR-125b in vitro, we further evaluated if increased levels of miR-125b could inhibit the growth of HeLa cells in vivo. Tumor size was monitored every 3 days using calipers. Tumor volume in the negative control group was markedly increased on day 12 after tumor-cell inoculation, compared to the miR-125b-overexpressing group ( Fig. 4A ; P < 0.01). Xenografts derived from miR-125b-overexpressing cells showed slow growth, compared to the negative control group (P < 0.01), indicating that elevated miR-125b levels in HeLa cells markedly reduced their ability to form tumors ( Fig.  4A and 4B) . 
Discussion
Cervical cancer is a complex disease involving the abnormal expression of many tumor suppressor genes and oncogenes. Recent studies have identified several genes associated with human cervical cancer. For example, expression of the pro-apoptotic protein Bax is often lost in carcinomas, and p53 has also been shown to play an important role in the development of cervical cancer [27] . Although focusing on known genes has yielded significant new information, previously unknown non-coding RNAs, including miRNAs, may also provide insights into the biology of cervical cancer. miRNA expression signatures have been shown to be promising biomarkers for the classification or outcome prediction in a wide array of human cancers [28] . Genome-wide analyses have indicated that about half the miRNA genes are located at fragile sites and genomic regions with frequently dysregulated expression in cancers [29, 30] . Hu et al. [6] showed that both miR-200a and miR-9 could play important regulatory roles in cervical cancer, while other miRNAs and their target mRNAs have been implicated in cervical malignancies. Yao et al. [31] found that miR-21 played a potentially oncogenic role in the cellular processes of cervical cancer by targeting programmed cell death 4, while Qiang et al. [15] identified Plexin-B1 as a target of miR-214 in cervical cancer responsible for the growth and invasion of HeLa cells. GALNT7 has also been revealed as a target of miR-214, and has been shown to suppress growth and invasiveness of cervical cancer [32] . miR-143 is down-regulated in cervical cancer and promotes apoptosis and inhibits tumor formation by targeting Bcl-2 [14] .
miRNA-125b induces cancer-cell apoptosis through suppression of Bcl-2 expression [13] . Alpini et al. showed that epigenetic silencing of miR-125b contributed to an invasive phenotype in HCC, providing novel mechanistic insights and identifying a potential target mechanism that could be manipulated for therapeutic benefit [22] . In addition, Wang et al. showed that circulating miR-125b expression was associated with chemotherapeutic resistance in breast cancer [33] . These studies suggest that the role of miR-125b may differ among different cancer types.
The results of the present study demonstrate that miR-125b inhibits tumor growth and promotes apoptosis via down-regulation of PIK3CD in cervical cancer, both in vitro and in vivo. Luciferase assay identified PIK3CD as a special target of miR-125b, while cell proliferation and colony-formation assays showed that miR-125b suppressed cell proliferation. These results are supported by other recent studies on the mechanisms of miR-125b in HCC [22] , breast cancer [33] , and glioblastoma [19, 20] . Overexpression of miR-125b significantly induced apoptosis in cervical cancer cells; however, there are many possible mechanisms for inducing cell apoptosis. The results of this study demonstrated that the mechanism of apoptosis may involve miR-125b-mediated regulation of the PI3K/Akt/ mTOR pathway by targeting PIK3CD. Tumor volume in vivo decreased dramatically when miR-125b subclone cells were injected into mice, compared to the injection of control cells, further suggesting that the downregulation of PIK3CD by miR-125b may be involved in the pro-apoptotic function of miR-125b. The identification of PIK3CD as a miR-125b target gene may at least partially explain the molecular mechanisms of the tumor suppressor miR-125b.
In summary, this study provided the first evidence for the biological role of miR-125b in cervical cancer cells, and identified PIK3CD as a target potentially involved in miR-125b-mediated growth suppression and apoptosis of cervical cancer cells via the PI3K/Akt/ mTOR pathway. These findings may provide the basis for the future use of miR-125b in the treatment of cervical cancer.
